SUMMARY As shown by scanning electron and phase contrast microscopy, Treponemapallidum attached in vitro to basement membranes purified from kidney cortex tissues or from retinal vessels. This organism also attached to the extracellular matrix remaining after cultured cells had been solubilised with Triton X. Fibronectin, laminin, collagen, IV, collagen I, and hyaluronic acid are structural components of basement membranes and extracellular matrices. Experiments were performed to investigate the in vitro attachment of T pallidum to each of these components. Viable or heat inactivated treponemes were added to glass coverslips precoated with different concentrations of each component. After various times of incubation, coverslips were washed and the attached organisms were counted. Large numbers of viable organisms attached to each of these five components. In contrast, heat inactivation sharply reduced numbers of attached organisms. The IgG fractions of immune and non-immune rabbit serum samples were affinity purified using protein A. T pallidum was preincubated with both fractions, then incubated with either intact cultured cells or with coverslips coated with the five tissue components. The IgG from immune serum blocked treponemal attachment to the cultured cells and to fibronectin, laminin, collagen IV, and collagen I, but not to hyaluronic acid. These results are discussed in terms of attachment mechanisms of Tpallidum and potential applications to in vivo infection.
Introduction
Attachment to host tissues appears to be a necessary step in causing many bacterial infections,' including syphilis. 2 These observations point to cellular attachment as a pathogenic capability.3 7 In addition, immune rabbit serum contains factors that block treponemal attachment to cultured cells4 7; this blockage may be an important component of the healing process.7
Within infected tissues T pallidum localises primarily in perivascular areas, either closely adjacent to the basement membrane of vessels or within the surrounding extracellular matrix (ground substance). Fibronectin, laminin, collagen IV, collagen I, and hyaluronic acid are structural components of both basement membranes and extracellular matrices.8-1 Each of these five components is also produced in vitro by different types of cultured cells.8 [10] [11] [12] [13] [14] [15] We have shown in preliminary experiments that fibronectin is associated with the surface of T pallidum, and that preincubation with antifibronectin partly blocks treponemal attachment to cultured cells (UCLA symposium on. the Molecular Biology of Host-Parasite Interactions, January, 1983) .
The purpose of this research was to investigate the attachment of T pallidum to fibronectin, laminin, collagens, and hyaluronic acid and to determine the effects of antibodies in blocking attachment. Other workers have reported that fibronectin binds to staphylococci,'6 groups A, C, and G streptococci, 17 atmosphere, the chambers were washed five times were pre-incubated for 18 hours at 37°C in an with 1 ml phosphate buffered saline (PBS) to remove atmosphere of reduced oxygen to permit optimal non-adherent fibronectin or laminin. In later antibody reactivity with treponemal antigens. Both experiments designed to conserve individual treponemal preparations were then added to cultured components, 100 ,ul fibronectin, laminin, collagen cells or to glass coverslips coated with fibronectin, IV, collagen I, or hyaluronic acid were evenly spread laminin, collagen IV, collagen I, or hyaluronic acid. on to the coverslips and air dried. After coating the After two hours at 37°C in reduced oxygen, the coverslips by either method 20 x 106 organisms/ml coverslips were washed and the attached treponemes were added, and chambers were incubated at 370C in were counted. Similar procedures were followed to the reduced oxygen atmosphere. After incubation the show blockage by the IgG from normal or immune coverslips were removed from the chambers and each rabbit serum, the only difference being the final dipped three times into three separate beakers con-serum concentration. A volume of 3 ml of organisms taining 100 ml PBS to remove unattached organisms. suspended in the extraction medium, which Coverslips were placed on a slide and the number of contained 10% heated rabbit serum, was added to attached organisms was estimated by counting at 3 ml of the respective IgG fractions from normal or least 20 fields at a magnification of x 400.
immune rabbit serum. The final serum concentration was therefore 5%. (Without this added serum, treponemes could not survive for the required 18 hours of preincubation.) CHEMICALS Affinity purified fibronectin, affinity purified laminin, hyaluronic acid, and bovine serum albumin were obtained from Sigma Chemical (St Louis, Missouri, USA) and collagen I and IV from Calbiochem Company (San Diego, California, USA). Fibronectin, laminin, and both collagens were solubilised according to the commercially provided instructions. Appropriate dilutions were made using PBS pH 7-2. Hyaluronic acid was dissolved in PBS and then adjusted to pH 7'2 using 1 mol/l sodium hydroxide. All five components were used immediately or aliquoted and frozen at -70°C. The coverslips were freshly coated with samples just before each experiment.
Results
We have previously shown that T pallidum attaches in vitro to isolated capillary tissues.23 Histological sections showed an intact basement membrane on the outer surface of these capillaries (Fitzgerald T J, Repesh L A, unpublished findings), suggesting specific treponemal interaction with basement membrane components. To confirm this possibility, experiments were performed using purified basement membranes isolated from rat kidney cortex or rat retinal vessels (kindly provided by Dr Ed Carlson, Department of Anatomy, University of North Dakota). Treponemes were added to both preparations, and observations were made with phase contrast and scanning electron microscopy. Large numbers of organisms attached to both basement membrane preparations. Figures l(a) and (b) show electron micrographs of treponemes attached to these membranes. Attachment of actively motile treponemes was identical to that previously described for cultured cells3 4 25 and for isolated capillaries.24 Organisms attached at their ends and remained actively motile.
Cultured mammalian cells secrete an extracellular matrix that, depending on the cell type, contains fibronectin, laminin, collagens, hyaluronic acid, or a combination of these components.8 1015 Treatment of cultured cells with Triton X disrupts cellular membranes leaving the extracellular matrix on the surface of the culture vessel.'3 To ascertain whether T pallidum attached directly to components of the extracellular matrix, cells cultured from human epidermal carcinoma (Hep 2), rabbit kidney, rabbit dermis, and rabbit testis were grown to confluency and then treated with Triton X. The subsequent The above observations prompted further investigation of treponemal attachment to individual components of basement membranes and extracellular matrices. Coverslips were coated with fibronectin at 0, 100, 200, and 300 mg/l for two hours. Treponemes were added and the numbers attached after incubation for 1, 5½/2, and 16 hours were counted. favourably with that previously reported using whole serum instead of the IgG fractions.7 Experiments were then performed to determine whether whole serum from immune rabbits would block treponemal attachment to the five tissue components. Treponemes were preincubated for 18 hours in normal or immune rabbit serum; motility in both groups remained above 900o. Fibronectin (62 mg/i), laminin (10 mg/i), collagen IV (100 mg/i), collagen I (100 mg/i), and hyaluronic acid (200 mg/i) were air dried on to coverslips. The pretreated organisms were then added to the chambers. The numbers attached were counted after incubation for two hours. The mean results of three experiments, shown in Table VII , clearly indicate that factors present in immune rabbit serum blocked treponemal attachment to four of the tissue components (73-92% blockage). Attachment to hyaluronic acid, however, was not affected.
Similar experiments were performed using the IgG fractions of normal or immune rabbit serum. After pre-incubation of treponemes with non-immune or immune IgG for 18 hours, motilities in both suspensions remained above 80%. These two suspensions were then added to coverslips coated with fibronectin (62 mg/i), laminin (10 mg/I), collagen IV (100 mg/i), As shown by phase contrast and scanning electron microscopy, Tpallidum attached to the extracellular matrix of cultured cells and to isolated basement membranes of retinal and kidney tissue. Fibronectin, collagen I, and hyaluronic acid are present in vivo within extracellular matrices; fibronectin, laminin, and collagen IV are present within basement membranes. After treponemes initially enter the host, as well as immediately disseminating they also localise at the site of entry producing the primary lesion. If all of the organisms bound to the fibronectin, collagen I, or hyaluronic acid within the extracellular matrix, they would be unable to make their way through this matrix, reach the vascular basement membrane, and disseminate. Turner and Hollander have shown that within two hours, 1007 of the inoculated organisms were localised within the testicular tissue and the other 90% had disseminated to other tissues. 35 The findings presented in this paper may partly explain this enigma of localisation versus dissemination. We suggest that Tpallidum has heterogenous attachment abilities. One population may bind to fibronectin, collagen I, or hyaluronic acid; these organisms could localise within the extracellular matrix at the site of entry. A second population may bind to laminin and collagen IV; these organisms could bind to vascular basement membranes, penetrate, and then disseminate to other tissues. We are currently exploring this possibility, and preliminary findings have indicated that different populations of Tpallidum do occur, some of which cannot bind to fibronectin.
